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(57) ABSTRACT 

Improved lithographic type microelectronic spring struc 
tures and methods are disclosed, for providing improved tip 
height over a substrate, an improved elastic range, increased 
strength and reliability, and increased spring rates. The 
improved structures are suitable for being formed from a 
single integrated layer (or series of layers) deposited over a 
molded sacri?cial substrate, thus avoiding multiple stepped 
lithographic layers and reducing manufacturing costs. In 
particular, lithographic structures that are contoured in the 
Z-direction are disclosed, for achieving the foregoing 
improvements. For example, structures having a U-shaped 
cross-section, a V-shaped cross-section, and/or one or more 
ribs running along a length of the spring are disclosed. The 
present invention additionally provides a lithographic type 
spring contact that is corrugated to increase its effective 
length and elastic range and to reduce its footprint over a 
substrate, and springs Which are contoured in plan vieW. The 
present invention further provides combination (both series 
and parallel) electrical contacts tips for lithographic type 
microelectronic spring structures. The microelectronic 
spring structures according to the present invention are 
particularly useful for making very ?ne pitch arrays of 
electrical connectors for use With integrated circuits and 
other substrate-mounted electronic devices, because their 
performance characteristics are enhanced, While at the same 
time, they may be manufactured at greatly reduced costs 
compared to other lithographic type microelectronic spring 
structures. 
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LITHOGRAPHIC TYPE MICROELECTRONIC 
SPRING STRUCTURES WITH IMPROVED 

CONTOURS 

RELATED APPLICATION 

[0001] This application is a continuation-in-part of co 
pending application Ser. No. 09/364,788, ?led Jul. 30, 1999, 
entitled “INTERCONNECT ASSEMBLIES AND METH 
ODS,” by Eldridge and Mathieu, Which is incorporated by 
reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to electrical contact 
elements for electrical devices, and more particularly to 
lithographic type, microelectronic spring contacts With 
improved contours. 

[0004] 2. Description of Related Art 

1. Field of the Invention 

[0005] Recent technological advances, such as described 
in US. Pat. No. 5,917,707 to Khandros et al., have provided 
small, ?exible and resilient microelectronic spring contacts 
for mounting directly to substrates, such as semiconductor 
chips. The ’707 patent discloses microelectronic spring 
contacts that are made using a Wire bonding process that 
involves bonding a very ?ne Wire to a substrate, and 
subsequent electroplating of the Wire to form a resilient 
element. These microelectronic contacts have provided sub 
stantial advantages in applications such as back-end Wafer 
processing, and particularly for use as contact structures for 
probe cards, Where they have replaced ?ne tungsten Wires. 
It is further recogniZed, as described, for example, in US. 
Pat. Nos. 6,032,356 and 5,983,493 to Eldridge et al, that 
such substrate-mounted, microelectronic spring contacts can 
offer substantial advantages for making electrical connec 
tions betWeen semiconductor devices in general, and in 
particular, for the purpose of performing Wafer-level test and 
bum-in processes. Indeed, ?ne-pitch spring contacts offer 
potential advantages for any application Where arrays of 
reliable electronic connectors are required, including for 
making both temporary and permanent electrical connec 
tions in almost every type of electronic device. 

[0006] In practice, hoWever, the cost of fabricating ?ne 
pitch spring contacts has limited their range of applicability 
to less cost-sensitive applications. Much of the fabrication 
cost is associated With manufacturing equipment and pro 
cess time. Contacts as described in the aforementioned 
patents are fabricated in a serial process (i.e., one at a time) 
that can not be readily converted into a parallel, many-at 
a-time process. Thus, neW types of contact structures, 
referred to herein as lithographic type microelectronic spring 
(or contact, or spring contact) structures, have been devel 
oped, using lithographic manufacturing processes that are 
Well suited for producing multiple spring structures in 
parallel, thereby greatly reducing the cost associated With 
each contact. Exemplary lithographic type spring contacts, 
and processes for making them, are described in the com 
monly oWned, co-pending US. patent applications “LITHO 
GRAPHICALLY DEFINED MICROELECTRONIC CON 
TACT STRUCTURES, Ser. No. 09/032,473 ?led Feb. 26, 
1998 by Pedersen and Khandros, and “MICROELEC 
TRONIC CONTACT STRUCTURES”, Ser. No. 60/073, 
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679, ?led Feb. 4, 1998 by Pedersen and Khandros, both of 
Which are incorporated herein by reference. 

[0007] Lithographic type microelectronic spring contacts 
are subject to different design considerations than the plated 
and bonded Wire microelectronic contacts currently in use, 
because of the characteristics of the lithographic manufac 
turing process. For example, lithographic type contacts are 
typically much smaller than Wire-type microelectronic con 
tacts, and tend to have characteristic cross-sections of rela 
tively loW-aspect ratio (i.e., ?at) shape, in contrast to the 
circular or elliptical cross-sections typical for Wire contacts. 
Because of their typical structural shape, lithographic type 
springs With essentially ?at, rectangular cross-sections typi 
cally have relatively loW stiffness (spring rates) and rela 
tively small elastic ranges (that is, they may be de?ected for 
only a short distance before becoming permanently 
deformed). Consequently, it is difficult to achieve the desired 
contact force needed to make a reliable electrical contact at 
the contact tip, Without exceeding the elastic range of the 
spring, and thereby potentially damaging it. 

[0008] Additionally, lithographically-de?ned contacts 
typically have a proportionally small “Z-component,” that is, 
they may extend aWay from the substrate in a perpendicular 
(“Z”) direction proportionally less than Wire-type microelec 
tronic contacts. This also limits the elastic range of the 
spring, because the contact force is typically applied in the 
Z direction. One approach for providing adequate Z-exten 
sion, for example, as disclosed in the above-referenced US. 
patent application Ser. No. 09/032,473 and 60/073,679, is to 
fabricate the spring structures using a series of lithographic 
steps, thereby building up the Z-component extension With 
several lithographic layers. HoWever, the use of multiple 
layers adds undesirable cost and complexity to the manu 
facturing process. Layered structures are also subject to 
undesirable stress concentration and stress corrosion crack 
ing, because of the discontinuities (i.e., stepped structures) 
that result from layering processes. 

[0009] Microelectronic spring structures are preferably 
provided With ample Z-extension to permit mounting com 
ponents, such as capacitors, beloW the structure. Adequate 
Z-extension, together With adequate elastic range, is also 
desirable for reducing the amount of vertical positioning 
precision needed to make an electrical connection using the 
spring structure. Adequate stiffness is desired to ensure that 
the tip of the contact is applied to its electrical contact pad 
With suf?cient force to ensure that a reliable electrical 
connection is made. Finally, improved strength and crack 
resistance is desirable for increasing the reliability and 
service life of the spring structure. The typical characteris 
tics of very small feature siZe, relatively ?at rectangular 
cross-section, and less Z-component extension in proportion 
to spring length, make it very dif?cult to fabricate litho 
graphically de?ned spring structures With adequate strength, 
stiffness, elastic range, and Z-extension, to serve as reliable 
microelectronic spring contact structures. 

[0010] A need therefore exists for an improved, litho 
graphic type, microelectronic spring structure With 
improved spring characteristics, such as improved strength, 
stiffness, resistance to stress concentration cracking, and 
elastic range. A need further exists for an improved litho 
graphic type microelectronic spring structure that can be 
fabricated in a single layer, thereby eliminating process 
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layering steps and the associated costs. Furthermore, a need 
exists for an improved lithographic type microelectronic 
spring structure With greater Z-component extension. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides lithographically 
de?ned spring structures and methods to address the fore 
going dif?culties, While achieving adequate Z-extension 
Without requiring the use of multiple stepped lithographic 
layers. Lithographic type microelectronic spring contact 
structures are provided that are triangular in shape in plan 
vieW, loW-aspect ratio rectangular in cross-section, and 
having Z-component extension along a linear or curved 
slope. In particular, spring structures according to the 
present invention are suitable for being fabricated by depos 
iting a layer of integrated spring material over a molded 
form, thereby greatly reducing the number of processing 
steps required. At the same time, the spring structures 
according to the present invention are contoured to provided 
numerous performance improvements. For example, struc 
tures having a U-shaped cross-section, a V-shaped cross 
section, and/or a rib running along a length of the spring are 
provided. Such contouring provides spring structures With a 
higher stiffness and/or strength, thereby providing a higher 
spring force at the contact tip and/or Working range for a 
given amount of spring material. The present invention 
additionally provides a lithographic type spring contact that 
is corrugated to increase its effective length and elastic 
range. Contouring of the spring structure according to the 
present invention further includes contouring in the plane of 
the substrate, to provide increased elastic range Within a 
decreased footprint. The present invention further provides 
a variety of improved tips for making electrical contacts 
With lithographic type microelectronic spring structures. 

[0012] A more complete understanding of the improved 
lithographic type microelectronic spring structures Will be 
afforded to those skilled in the art, as Well as a realiZation of 
additional advantages and objects thereof, by a consider 
ation of the folloWing detailed description of the preferred 
embodiment. Reference Will be made to the appended sheets 
of draWings Which Will ?rst be described brie?y. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1A is a perspective vieW of an exemplary 
contoured lithographic type microelectronic spring structure 
according to the present invention, having a V-shaped cross 
section. 

[0014] FIG. 1B is a cross-sectional vieW of the spring 
structure shoWn in FIG. 1A, taken along the line indicated by 
arroWs 1B in FIG. 1A, additionally shoWing a stop structure 
disposed over the base of the spring. 

[0015] FIG. 2 is a diagram for illustrating various general 
concepts and characteristics applicable to spring structures. 

[0016] FIG. 3 is a side cross-sectional vieW of an exem 
plary spring structure according to the present invention 
While used for making an electrical connection betWeen tWo 
substrates. 

[0017] FIG. 4A is a side cross-sectional vieW ofa process 
structure during an exemplary initial step of a process for 
making a lithographic type microelectronic spring structure 
according to the present invention. 
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[0018] FIG. 4B similarly shoWs a process structure during 
an exemplary step folloWing the step shoWn in FIG. 4A. 

[0019] FIG. 4C similarly shoWs a process structure during 
an exemplary step folloWing the step shoWn in FIG. 4B. 

[0020] FIG. 4D similarly shoWs a process structure during 
an exemplary step folloWing the step shoWn in FIG. 4C. 

[0021] FIG. 4E similarly shoWs a process structure during 
an exemplary step folloWing the step shoWn in FIG. 4D. 

[0022] FIG. 4F similarly shoWs a process structure during 
an exemplary step folloWing the step shoWn in FIG. 4E. 

[0023] FIG. 4G similarly shoWs a process structure during 
an exemplary step folloWing the step shoWn in FIG. 4F. 

[0024] FIG. 4H similarly shoWs a process structure and 
resulting spring structures during an exemplary step folloW 
ing the step shoWn in FIG. 4G. 

[0025] FIG. 5A shoWs a cross-sectional vieW, taken along 
the line indicated by arroWs 5A in FIG. 1A, of an exemplary 
V-shaped spring structure according to the present invention. 

[0026] FIG. 5B shoWs a cross-section of an exemplary 
U-shaped spring structure according to the present inven 
tion, vieWed similarly to FIG. 5A. 

[0027] FIG. 5C shoWs a cross-section of an exemplary 
spring structure With a ?at rectangular cross-section, vieWed 
similarly to FIG. 5A. 

[0028] FIG. 5D shoWs a cross-section of an exemplary 
ribbed spring structure according to the present invention, 
vieWed similarly to FIG. 5A. 

[0029] FIG. 6 is a perspective vieW of an exemplary 
contoured lithographic type microelectronic spring structure 
according to the present invention, having a U-shaped 
cross-section. 

[0030] FIG. 7A is a perspective vieW of an exemplary 
contoured lithographic type microelectronic spring structure 
according to the present invention, having a longitudinal rib 
extending above the spring. 

[0031] FIG. 7B is a cross-sectional vieW of the spring 
structure shoWn in FIG. 7A, taken along the line indicated by 
arroWs 7B. 

[0032] FIG. 8 is a perspective vieW of another exemplary 
contoured lithographic type microelectronic spring structure 
according to the present invention, having a longitudinal rib 
extending beloW the spring. 

[0033] FIG. 9A is a perspective vieW of an exemplary 
contoured lithographic type microelectronic spring structure 
according to the present invention, having longitudinal 
corrugations. 

[0034] FIG. 9B is a cross-sectional vieW of the spring 
structure shoWn in FIG. 9A, taken along the line indicated by 
arroWs 9B. 

[0035] FIG. 11A is a perspective vieW of a contoured 
spring having a plurality of longitudinal ribs of tapering 
thickness. 

[0036] FIGS. 11B and 11C are cross-sectional vieWs ofthe 
contoured spring shoWn in FIG. 11A. 
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[0037] FIG. 10 is a perspective vieW of an exemplary 
contoured lithographic type microelectronic spring structure 
according to the present invention, having a longitudinal rib 
extending above the spring, and longitudinal corrugations. 

[0038] FIG. 12A is a perspective vieW of an x-y folded 
design for a spring structure, having a split beam. 

[0039] FIG. 12B is a plan vieW of the spring structure of 
FIG. 12A. 

[0040] FIG. 13A is a perspective vieW of an alternative x-y 
folded design for a spring structure, Without a split beam. 

[0041] FIG. 12B is a plan vieW of the spring structure of 
FIG. 13A. 

[0042] FIG. 14Ais a perspective vieW of an alternative x-y 
folded design for a spring structure, having a serpentine 
beam. 

[0043] FIG. 14B is a plan vieW of the spring structure of 
FIG. 14A. 

[0044] FIG. 15 is a perspective vieW of a spring structure 
for connecting to multiple contact pads, for providing split 
inputs for tuned devices. 

[0045] FIG. 16A is a perspective vieW of an exemplary 
pointed contact tip of a spring structure. 

[0046] FIG. 16B is a perspective vieW of an exemplary 
spherical contact tip of a spring structure. 

[0047] FIG. 16C is a perspective vieW of an exemplary 
pyramidal contact tip of a spring structure. 

[0048] FIG. 16D is a perspective vieW of an exemplary 
parallel combination contact tip of a spring structure, includ 
ing pointed, spherical, and pyramidal contact tips. 

[0049] FIG. 16E is a perspective vieW of an exemplary 
serial combination contact tip of a spring structure, having 
both pyramidal and spherical aspects. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0050] The present invention satis?es the need for micro 
electronic spring structure, that overcomes the limitations of 
prior art spring contacts. In the detailed description that 
folloWs, like element numerals are used to describe like 
elements illustrated in one or more ?gures. Various terms 
and acronyms are used throughout the detailed description, 
including the folloWing: 

[0051] “Area moment of inertia,” sometimes denoted as 
“I,” is a section property de?ned as the integral of the section 
area times the distance from the neutral bending axis 
squared, that is: 

Where Z is the distance from the neutral axis of bending and 
dA is an element of the area being integrated. For example, 
for a rectangular cross-section having a Width “W”, a thick 
ness “t,” and a neutral axis through its centroid (l/zt) on the 
y-axis at Z=0, the area moment of inertia is Wt3/l2. 

[0052] “Contour,” When used as a verb, means to form a 
curved surface. When used as a noun, “contour” means a 
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curved line de?ned by the intersection of a curved surface 
and a plane. A “contoured surface” means a formed, curved 
surface. 

[0053] “Elastic de?ection ratio” means the dimensionless 
ratio of the elastic range (placed in the numerator of the 
ratio) to the projected length of the unde?ected spring in the 
same direction (placed in the denominator). For example, 
With respect to a vertical doWnWard force applied to a 
cantilevered beam spring, the elastic de?ection ration is the 
vertical elastic range “c” divided by the Z-extension of the 
spring “h.” Being dimensionless, it may be expressed as a 
percentage; for example, 10% is equivalent to a ratio of 0.1. 

[0054] “Elastic range” means the maximum distance that 
a spring may be de?ected in the direction of an applied force, 
before the spring is permanently deformed (Which occurs 
When the yield strength of the spring is exceeded). 

[0055] “Lithographic” refers to manufacturing processes 
used for making semiconductor devices by printing (or 
otherWise applying) thin layers of various materials in 
patterns on a substrate. 

[0056] “Lithographic type” means having a shape suitable 
for making by a lithographic process. More precisely, a 
“lithographic type microelectronic spring structure” is one 
having a contoured sheet shape that is capable of being 
de?ned by deposition of a patterned material layer (typically, 
a layer of uniform thickness) on a substrate. Lithographic 
type contact structures are generally Well suited for being 
fabricated at the same scale as the integrated circuits. For 
example, a lithographic type contact typically has a beam 
With its smallest dimension (thickness) not greater than 
about 50 microns, and more typically about 0.04 to 20 
microns. The dimensional limit re?ects a practical, rather 
than an inherent limit, of the lithographic process, and it is 
contemplated that lithographic type contact structures may 
be fabricated at larger scales for some applications. 

[0057] “Spring rate” means a measure of spring sti?fness, 
commonly expressed as k=F/6, Where k is the spring rate, F 
is the magnitude of a force applied to a Working end of a 
spring, and 6 is the distance that the spring is de?ected in the 
direction of force F. 

[0058] The foregoing de?nitions are not intended to limit 
the scope of the present invention, but rather are intended to 
clarify terms that are Well understood by persons having 
ordinary skill in the art, and to introduce neW terms helpful 
for describing the present invention. It should be appreciated 
that the de?ned terms may also have other meanings to such 
persons having ordinary skill in the art. These and other 
terms are used in the detailed description beloW. 

[0059] Contact structures according to the present inven 
tion are particularly Well-suited to making electrical con 
nections to microelectronic devices having contact pads 
disposed at a ?ne-pitch, or Where a large array of economical 
microelectronic spring contacts is desired. As used herein, 
the term “?ne-pitch” refers to microelectronic devices that 
have their contact pads disposed at a spacing of less than 
about 130 microns (5 mils), such as 65 microns (2.5 mils). 
HoWever, structures of the present invention may also be 
used in coarser-pitch applications, if desired. The advan 
tages of the present invention are realiZed in part from the 
close tolerances and small siZes that can be realiZed by using 
lithographic rather than mechanical techniques to fabricate 
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the contact elements. However, the use of lithographic 
techniques does not, by itself, result in effective and reliable 
contact structures disposed at a ?ne-pitch. Lithographic 
type, microelectronic spring contacts according to the struc 
tures and forms disclosed herein provide a greatly increased 
probability of success, and a greatly extended range of 
applications, compared to lithographic type springs having 
essentially linear beams With rectangular cross-sections. 

[0060] Resilient contact structures, as knoWn in the art, are 
subject to particular performance requirements, Which vary 
in degree betWeen applications. These requirements typi 
cally relate to contact force, Wipe, clearance, contact angle, 
elastic range, Z-extension, repeatability, and longevity. The 
contact structures according to the present invention provide 
advantages for each of the foregoing performance areas, as 
is made apparent by the description that folloWs. An exem 
plary microelectronic spring structure for providing such 
advantages is shoWn in FIGS. 1A and 1B. The cross-section 
shoWn in FIG. 1B is taken along the line indicated by arroWs 
1B in FIG. 1A. As indicated by arroWs 31 and as used herein, 
the direction normal to substrate 23 is the Z-axis direction; 
the direction parallel to the projected length of beam 30 onto 
substrate 23 is the x-axis direction; and the y-axis direction 
is normal to the plane de?ned by the Z-axis and x-axis. 

[0061] The microelectronic spring structure 22 of FIGS. 
1A and 1B comprises a base 28 and a beam 30 integrally 
formed from at least one layer of electrically conductive, 
resilient material. Substrate 23 is typically a semiconductor 
substrate for an integrated circuit having numerous electrical 
terminals, one of Which is shoWn as the contact pad 33 in 
FIG. 1A. Contact pads, such as contact pad 33, are typically 
coupled by conductive traces, such as trace 35, to internal 
circuitry Within the integrated circuit. As knoWn in the 
semiconductor art, substrate 23 is typically comprised of 
numerous layers, such as insulating layers interposed With 
conducting and semiconducting layers, and a passivating 
layer optionally provided on the top surface 55 of the 
substrate 23. The passivating layer may be an insulating 
layer or a polysilicon layer or other layers as knoWn in the 
art. In some embodiments of the invention, a contact pad 33 
is electrically and mechanically coupled to an intermediate 
conducting layer 32 Which is disposed above it, as shoWn in 
FIG. 1A. When present, intermediate layer 32 is typically a 
manufacturing artifact of a shorting layer used during an 
electroplating step of a process for forming the microelec 
tronic spring structure. A stop structure 25, as further 
described in the co-pending application Ser. No. 09/364,855, 
?led Jul. 30, 1999, entitled “INTERCONNECT ASSEM 
BLIES AND METHODS,” by Eldridge and Mathieu, Which 
is hereby incorporated herein by reference, is optionally 
provided to prevent over-compression of spring structure 22 
by force “F.” Spring structure 22 provides for conduction of 
electrical signals and/ or poWer betWeen a tip 26 of beam 30, 
through the beam 30 of resilient material, intermediate layer 
32, and contact pad 33, and ?nally through conductive trace 
35 to an integrated circuit in substrate 23. It should be 
appreciated that the microelectronic spring structure 22 of 
FIGS. 1A and 1B may also be used for other types of 
interconnect assemblies, such as probe card assemblies, 
interposers, and other connection systems Where electrical 
contact to or through a substrate is desired. 

[0062] Microelectronic contact structures according to the 
present invention are typically con?gured as a cantilevered 
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beam, having a ?xed base and a free tip, as described above. 
This basic geometry is preferred for lithographic type, 
microelectronic spring contact structures according to the 
invention for several reasons. Lithographic manufacturing 
processes, unlike alternative spring manufacturing processes 
such as Wire forming, are best suited for making shapes that 
may be de?ned by projection onto a surface. Such shapes are 
capable of being formed in a single step of a lithographic 
process. In contrast, certain three dimensional curves, such 
as coils or helixes commonly found in Wire-formed springs, 
cross over themselves and cannot be de?ned by projection 
onto a surface. Such shapes therefore require multiple litho 
graphic steps to assemble, and cannot be made lithographi 
cally as a single, integrally formed piece. Coiled shapes are 
further undesirable because of electrical induction. There 
fore, the cantilevered beam con?guration is desirable for 
lithographic springs because feWer process steps are 
required, and the spring structure can be formed from an 
integrated mass of material. Also, the cantilevered beam, 
With a single attached base and a tip on the opposite end of 
a spring beam, is more nearly statically determinate, and 
thus is more easily modeled and tested than more complex 
con?gurations, such as springs With more than one base. 
Additionally, the cantilevered beam is capable of resilient 
motion in at least tWo dimensions, thereby providing both 
Wipe (desirable for making an electrical connection) and 
Z-de?ection, for compensating for misalignment betWeen 
substrates, and for providing the spring force needed for 
maintaining an electrical connection. 

[0063] Basic characteristics of linear cantilevered spring 
beams are illustrated by FIG. 2. Unde?ected beam 51, of 
length “L,” is ?xed at x-axis 41 (representing a substrate 
surface). Beam 51 extends both vertically in the direction of 
Z-axis 43, and horiZontally along the substrate for a pro 
jected horiZontal distance “LP.” A free tip of the beam is 
located a distance “h” from the substrate surface. When a 
vertical force “F” is applied to the free tip of beam (as by an 
approaching parallel substrate), the beam is de?ected to the 
position indicated by dashed lines 53. Thus, the free tip of 
the beam moves a vertical distance “c” and a horiZontal 
distance “d” (Wipe). At the point at Which further de?ection 
Will cause the beam material to yield and plastically deform 
(that is, at the elastic limit of beam 51), the vertical de?ec 
tion “c” represents the elastic range relative to a vertical 
force “F.” Thus, at the elastic limit, the ratio c/h is the elastic 
de?ection ratio, beyond Which de?ection is inelastic. In a 
beam of constant cross-section, the point of maximum stress 
under application of force “F” is at the attached end of the 
beam, and the stress gradually lessens to a minimum value 
at the free tip. 

[0064] Beam 51 is preferably tapered from a relatively 
Wide Width at its ?xed base to a relatively narroW Width at 
its tip, to compensate for stress distribution in the cantile 
vered beam. Such triangular-shaped beams are relatively 
more structurally “efficient” (capable of bearing a higher tip 
force “F” for a beam of given mass) than rectangular shaped 
beams of the same cross-sectional shape. HoWever, a trian 
gular shape may be less electrically e?icient, because its 
current-carrying capacity is constrained by the relatively 
small beam cross-section at the tip of a triangular beam. 
Thus, for certain applications, beams of constant cross 
section may be preferred. Spring beams according to the 
present invention may thus be tapered, and/or be provided 
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With constant cross-sectional areas, depending on the 
requirements of the application. 

[0065] In addition, Spring beams according to the present 
invention are preferably contoured across their Width and 
along their length. Contouring along the length of the beam 
provides a more favorable de?ected shape of the beam for 
purposes of making an electrical connection betWeen tWo 
substrates, as described beloW With reference to FIG. 3. 
Contouring across the Width of the beam provides cross 
sectional shapes having higher area moments of inertia, 
compared to beams of the same mass having solid rectan 
gular cross-sections. As is Well understood in the structural 
arts, the stiffness of a beam of a given mass per unit length 
can be dramatically improved by altering its cross-sectional 
shape. For example, a box beam is much stilfer than a solid 
rectangular rod having the same mass per unit length. 
Heretofore, it has not been feasible to provide lithographic 
type contact structures With beams having higher area 
moments of inertia than provided by solid rectangular cross 
sections. Also, there has been little or no motivation to 
reduce beam masses, because the cost of beam material for 
lithographic type beams is not signi?cant. HoWever, accord 
ing to the present invention, it is highly desirable to reduce 
the mass of beam material in order to reduce the fabrication 
time required and the area occupied in a top doWn vieW of 
the structure, Which determines the packing ability or mini 
mum pitch at Which the springs may be mounted to a 
surface. 

[0066] The theories and mathematical tools for predicting 
the structural properties of a contoured spring structure are 
Well knoWn in the art. Computational tools, such as ?nite 
element methods, further make it possible to re?ne and 
optimiZe the shape of complex spring structures under 
complex loading conditions. Thus, using the contoured 
shapes according to the present invention, it is noW possible 
to construct microelectronic spring structures using litho 
graphic techniques that have a much Wider range of perfor 
mance properties than heretofore possible. In particular, the 
area moment of inertia, and thus the spring rate, can be 
greatly increased by contouring the beam across its Width. 
Additionally, the spring shape can also be optimiZed to 
reduce stress concentration, resulting in more e?icient use of 
material. Width-contoured springs can thus be made With 
much less material than required for ?at cross-section micro 
electronic spring structures of a comparable spring rate and 
strength. 

[0067] Reducing the amount of material required permits 
increased processing throughput by decreasing the time 
required for depositing a material. In addition, thin-layer 
deposition techniques that Were previously considered too 
sloW or costly for thick layers may be viable. For example, 
a ?at spring design might require a material thickness of 25 
microns (about 1 mil) to achieve a desired spring rate. 
Material of this thickness is typically deposited by electro 
plating, Which is knoWn for high throughput and cost 
e?fectiveness in layers of this thickness. In contrast, a spring 
contoured according to the present invention can achieve the 
same spring rate using less material, for example, With only 
5 microns (0.2 mils) of material thickness. If electroplating 
is used, the processing throughput Would be about 5 times 
higher for the contoured spring. Additionally, CVD (chemi 
cal vapor deposition) and PVD (physical vapor deposition), 
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typically limited to depositing layers up to about 5 microns 
thick, become viable alternative deposition methods for the 
spring metal. 
[0068] Referring again to FIGS. 1A and 1B, contouring of 
spring beam 30 is visible in both vieWs. Beam 30 is 
preferably contoured across its Width, as is shoWn in FIG. 1B 
illustrating a V-shaped beam. An exemplary V-shaped cross 
section of beam 30, having a constant thickness “t,” is shoWn 
in more detail in FIG. 5A. It Will be understood that an 
approximately constant thickness is a typical result of litho 
graphic type deposition processes, such as electroplating, 
CVD, and PVD. From a comparison of the V-shape 50A 
shoWn in FIG. 5A to the ?at rectangular cross-section 50C 
of equivalent thickness shoWn in FIG. 5C, it is evident that 
the V-shaped cross-section 50A has a substantially greater 
area moment of inertia, because the extension “a” of the 
shape across the neutral axis 57 is much greater. Thus, a 
V-shaped cross-section may be provided Wherever the beam 
30 is desired to be sti?‘ened. In the case of beam 30 shoWn 
in FIG. 1A, the V-shape is provided along the entire length 
of beam 30. If desired, hoWever, the contoured cross 
sectional shape may be provided along only a portion of the 
beam length, or may be altered to provide varying beam 
sti?fness along the length of beam 30. This may be desirable 
Where a portion of the beam, for example, a tip portion, is 
designed to be relatively ?exible compared to a different 
portion, for example, a base portion. 

[0069] Additionally, beam 30 is preferably contoured 
lengthwise, as is illustrated by the curve 34, representing a 
curved line at a mid-plane of beam 30, visible in FIG. 1B. 
Beam 30 has a projected length “LP” on substrate 23, Which 
is less than an integrated beam length “L” from the juncture 
27 With base 28 to tip 26. Tip 26 is located a vertical distance 
“h” from substrate 23 When the spring structure 22 is 
unde?ected, and a distance “c” from the upper surface of 
stop structure 25. In an embodiment of the invention, beam 
30 is preferably convex (as vieWed from a vieWpoint above 
spring structure 22 looking toWards substrate 23) at a loWer 
portion of the beam near base 28, and concave at an upper 
portion near tip 26. Thus, curve 30 is preferably a compound 
curve, and the entire beam 30 preferably folloWs approxi 
mately the same contour as curve 34. Advantages of the 
compound curve 34 are illustrated in FIG. 3, by Way of 
comparison to a straight or convex beam, and to a concave 
beam. FIG. 3 shoWs a spring structure in compression 
betWeen parallel substrates 23 and 23', for making electrical 
contact betWeen contact pads 33 and 33'. Structure 22 is 
attached to substrate 23 at pad 33, and makes resilient 
contact With pad 33' on substrate 23. A typical position of a 
straight or convex beam under such compression betWeen 
parallel substrates is shoWn by the dashed outline 37. When 
de?ected by approaching parallel substrates 23 and 23', the 
straight or convex beam takes on an increasingly convex 
shape With a slope approaching that of surface 55' of 
substrate 23'. Thus, the tip contact tends to be spread out 
over a larger, less Well-de?ned area 45, resulting in loWer 
contact pressure, and a poorer electrical connection. Con 
versely, a concave beam, indicated by dashed outline 39, 
tends to approach the substrate 23 near the base of the spring 
structure 22 When under compression betWeen parallel sub 
strates. Under su?icient compression, a concave beam Will 
contact substrate 23 in the vicinity of area 47, Which may 
cause an electrical short circuit, an undesirable change in 
spring rate, and/or stress concentration in beam 30. 
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[0070] In contrast, the compound curve 34 of the present 
invention avoids these disadvantages of linear, convex, and 
concave beams in microelectronic contact applications. The 
concave upper portion 38 maintains the tip 26 of beam 30 
inclined more perpendicularly relative to surface 55', 
thereby maintaining a Well-de?ned contact area, high con 
tact pressure, and good electrical contact With contact pad 
33'. The convex loWer portion 36 of beam 30 resists making 
contact With surface 55 of substrate 23, and tends to main 
tain a relatively constant minimum distance (step height “s”) 
betWeen beam 30 and substrate 23. The relatively constant 
step height “s,” in addition to preventing short circuits, is 
useful for providing space for decoupling capacitors (not 
shoWn) having a height less than “s.” Such decoupling 
capacitors can be mounted to either substrate 55 or 55'. In an 
embodiment of the invention, step height “s” is preferably 
about 10% of the total Z-extension “h.” 

[0071] It should be noted that, for some applications, it is 
preferable to fabricate a separate tip structure and mount it 
to the tip portion 26 of beam 30. Separate tip structures are 
discussed beloW With reference to FIGS. 16A-16E. Separate 
tip structures have the disadvantage of requiring additional 
process steps to fabricate. When a separate tip structure is 
needed despite the added costs, the tip portion 26 of beam 
30 may be formed With its upper surface roughly parallel to 
the surface of the mating substrate (as With a convex or 
essentially linear beam). HoWever, even if a separate tip 
structure is to be used, it is still preferable that the upper 
portion 38 be mostly concave, to ensure that the beam does 
not contact the mating substrate When the tip is engaged in 
a contact pad of the mating substrate. 

[0072] Prior to the present invention, it Was not feasible to 
make lithographic type spring structures With the necessary 
degree of control over the shape of the spring contours for 
fabricating contoured spring structures. The present inven 
tion, hoWever, provides a molding technique for fabricating 
contoured spring structures. An adaptation of this molding 
technique for making contoured spring structures according 
to the present invention is illustrated in FIGS. 4A-4H. The 
fabrication of a single contact structure Will be described as 
exemplary of fabricating a plurality of such contact struc 
tures, preferably all at the same time on the same compo 
nent. Typically, each of the contact structures fabricated on 
a single component Will be substantially identical to one 
another. In the alternative, the dimensions and shape of each 
contact structure can individually be controlled and deter 
mined by the designer for given application requirements, 
and fabricated using the method described herein as Will be 
apparent to one skilled in the art. 

[0073] Referring to FIG. 4A, in a preparatory step of a 
method for making a contoured spring, a substrate 23, 
optionally provided With a contact pads 33 for connecting to 
a integrated circuit, is coated With a moldable sacri?cial 
layer 42. Sacri?cial layer 42 may be any number of mate 
rials, such as PMMA (poly methyl methacrylate), Which can 
be coated on a substrate to the desired thickness, Which Will 
deform When pressed With a mold or stamp, Which Will 
receive the resilient material to be deposited thereon, and 
Which can then readily be removed Without damaging the 
spring structures 22. Additional candidate materials for layer 
42 include acrylic polymers, polycarbonate, polyurethane, 
ABS plastic, various photo-resist resins such as Novolac 
resins, epoxies and Waxes. The sacri?cial layer 42 preferably 
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has a uniform thickness slightly greater than the desired 
Z-extension “h” of the ?nished spring structures. For 
example, if the desired Z-extension is 50 microns (about 2 
mils), layer 42 may have a thickness of 55 microns (2.2 
mils). Various methods knoWn in the art, for example, spin 
coating and lamination, may be used to deposit layer 42 onto 
substrate 23. 

[0074] Also, a stamping tool 40, having a molding face 
provided With different molding regions 44, 46, and 48, is 
prepared for molding sacri?cial layer 42. Various methods 
may be used to prepare tool 40. For example, the stamping 
tool 40 may be formed from a relatively hard material using 
a computer controlled, laser ablation (micropulse) process as 
is knoWn in the art. 

[0075] Maximally protruding molding regions, or 
“teeth”44 of tool 40 are used for deforming the sacri?cial 
layer 42 in the area of the contact pads 33, Where the bases 
28 of contact structures 22 Will be formed. Contoured 
molding regions 46 are used for deforming layer 42 Where 
the contoured beams 30 of contact structures 22 Will be 
formed. In FIG. 4A, a contoured region for making a 
V-shaped beam is shoWn in lengthWise cross-section. Maxi 
mally recessed molding regions 48 are used for receiving 
excess material, i.e., “?ash,” pushed aside by molding 
regions 44 and 46. Molding regions 48 also de?ne spacing 
betWeen adjacent spring structures 22 on substrate 23. 
Depending on the choice of materials for sacri?cial layer 42 
and stamping tool 40, a layer of mold release material (not 
shoWn) is optionally provided on the molding face of tool 
40. It should be recognized that further layers and material 
may be present on substrate 23 Without departing from the 
method described herein. For example, a metallic shorting 
layer (not shoWn) is optionally provided betWeen layer 42 
and substrate 23, to protect any integrated circuits embedded 
in the substrate during processing operations. 

[0076] In a molding step illustrated in FIG. 4B, the stamp 
ing tool 40 is applied against substrate 23 With sufficient 
pressure to bring the teeth 44 nearly to the surface of 
substrate 23, and to fully mold layer 42 in all contoured 
molding regions 46. To avoid damaging substrate 23, teeth 
44 are preferably not brought into contact With substrate 23. 
In a preferred embodiment, When teeth 44 have sunk into 
layer 42 to the desired depth, ?ash substantially ?lls the 
maximally recessed regions 48 to form a surface sufficiently 
uniform to permit later deposition of a layer of masking 
material betWeen the spring structures after the stamping 
tool 40 is removed from layer 42. Stamping tool 40 may be 
heated to assist deformation of layer 42, and then cooled to 
harden layer 42 into place. In an alternative embodiment, 
layer 42 is selected of a material that is sufficiently deform 
able to How under pressure Without application of heat, and 
sufficiently viscous to hold its shape after tool 42 is 
removed. In yet another alternative embodiment, heat, UV 
light, or chemical catalysts are used to harden sacri?cial 
layer 42 While under stamping tool 42, and then tool 42 is 
removed. Whatever molding technique is used, the cycle 
times are preferably relatively short to permit faster manu 
facturing throughput. 

[0077] FIG. 4C shoWs the shape of the sacri?cial layer 42 
after removal of the stamping tool 42. A thin layer of residue 
52 is present over the area of each contact pad 33. Negative 
mold surfaces 70 are also present, each bearing a negative 
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impression of the desired contour for the contoured beams to 
be formed therein. It is necessary to remove the residue 52 
in order to expose the substrate 23 in the areas Where the 
bases 28 of the contact structures 22 Will be formed. To 
remove the residue 52, the entire substrate With its molded 
layer 42 may be isotropically etched by immersion in a bath 
of etchants, by oxygen plasma, or other method as knoWn in 
the art. Isotropic etching is suitable for relatively ?at sub 
strates for Which the residue layer 52 is of a uniform 
thickness in all places Where the spring bases 28 Will be 
formed. Preferably, the isotropic etch is performed so as to 
remove the residue 52 While at the same time reducing the 
thickness of layer 42 to equal the desired Z-extension of the 
?nished spring structures 22. In the alternative, an anisotro 
pic etching method that etches more rapidly in the Z-direc 
tion, such as reactive ion etching, may be used. A Z-aniso 
tropic etch is preferably used in cases Where the substrate is 
relatively uneven, causing non-uniformity in the thickness 
of residue 52. 

[0078] The appearance of the molded sacri?cial layer 42 
after etching is shoWn in FIG. 4D. The contact pads 33 are 
preferably exposed, along With a surrounding area of sub 
strate 23 suf?cient for providing adhesion of the base 28. In 
typical semiconductor applications, an exposed area of sub 
strate 23 of betWeen about 10,000 and about 40,000 square 
microns, most preferably in excess of about 30,000 square 
microns, is provided. After etching, the mold surfaces 70 
preferably take on the desired contoured shape, and the 
distal tips of all mold surfaces 70 on substrate 23 are 
preferably Within essentially the same plane. 

[0079] FIG. 4E shoWs substrate 23 after application of a 
seed layer 54 and a photo-resist layer 56. Seed layer 54 is 
typically a relatively thin layer, such as about 4500 A 
(Angstroms; or about 0.45 microns) thick, of sputtered metal 
for electroplating the resilient spring material. In the alter 
native, surface modi?cations of layer 42, eg plasma treat 
ment, may be used to render it conductive, thereby creating 
seed layer 54. In FIGS. 4E-4H, the relative thickness of seed 
layer 54 is greatly exaggerated. Photo-resist layer 56 may be 
selected from various commercially available resist materi 
als, such as an electrodeposited resist, Novolac liquid resists, 
or a negative-acting dry ?lm photo-resist. Photo-resist layer 
56 is cured in an appropriate manner, for example by 
exposing the layer 56 to UV light through a mask, except 
Where the spring structures 22 are to be formed. The uncured 
portions of photo-resist layer 56 are then dissolved aWay by 
a suitable solvent, as knoWn in the art. 

[0080] After the uncured portions of resist layer 56 are 
dissolved aWay, exposed areas 59 of seed layer are revealed, 
as shoWn in FIG. 4G. Exposed areas 59 have the projected 
shape of the desired microelectronic spring structure. For 
example, if a triangular beam is desired, the exposed area 
has a generally triangular shape, in plan vieW. One or more 
layers of resilient material may then be electroplated or 
otherWise deposited onto the seed layer in the exposed areas 
59, using various methods as knoWn in the art. Where the 
seed layer is covered by resist layer 56, no electroplating 
Will occur. In the alternative, a layer of resilient material may 
be built up using a process such as CVD or PVD selectively 
applied to areas 59 through a mask, eliminating the need for 
seed layer 54. Thus, using any of various deposition meth 
ods, a spring structure comprising an integrally formed base 
and beam is formed on the exposed area 59, as shoWn in 
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FIG. 4G. The cured resist layer 56, sacri?cial material 42, 
and any residual seed layer 54, are then dissolved aWay 
using a suitable etchant that is relatively sloW to etch the 
substrate 23 and the resilient material, as knoWn in the art. 
Freestanding spring structures 22, as shoWn in FIG. 4H, are 
the result. 

[0081] Suitable materials for the resilient material include 
but are not limited to: nickel, and its alloys; copper, cobalt, 
iron, and their alloys; gold (especially hard gold) and silver, 
both of Which exhibit excellent current-carrying capabilities 
and good contact resistivity characteristics; elements of the 
platinum group; noble metals; semi-noble metals and their 
alloys, particularly elements of the palladium group and 
their alloys; and tungsten, molybdenum and other refractory 
metals and their alloys. Use of nickel and nickel alloys is 
particularly preferred. In cases Where a solder-like ?nish is 
desired, tin, lead, bismuth, indium, gallium and their alloys 
can also be used. The resilient material may further be 
comprised of more than one layer. For example, the resilient 
material may be comprised of tWo metal layers, Wherein a 
?rst metal layer, such as nickel or an alloy thereof, is 
selected for its resiliency properties and a second metal 
layer, such as gold, is selected for its electrical conductivity 
properties. Additionally, layers of conductive and insulating 
materials may be deposited to form transmission line-like 
structures. 

[0082] It should be recogniZed that numerous variations of 
the above-described sequence of steps Will become apparent 
to one skilled in the art, for producing integrally formed 
spring structures according to the present invention. For 
example, a spring contact structure may be fabricated at an 
area on a substrate Which is remote from a contact pad to 
Which it is electrically connected. Generally, the spring 
contact structure may be mounted to a conductive line that 
extends from a contact pad of the substrate to a remote 
position. In this manner, a plurality of spring contact struc 
tures can be mounted to the substrate so that their tips are 
disposed in a pattern and at positions Which are not depen 
dent on the pattern of the contact pads on the substrate. 

[0083] HoWever, although various adaptations may be 
made to the method disclosed herein, in general, a molding 
or other forming process using a relatively thick layer of 
sacri?cial material, such as layer 42, is preferred for pro 
viding adequate Z-extension Without requiring building up of 
multiple layers of photo-resist. Additionally, use of a 
deformable sacri?cial material provides for duplication and 
mass production of relatively complex, contoured beam 
shapes. 

[0084] Accordingly, in the preferred embodiments, the 
entire spring structure (With the exception of optional fea 
tures such as separate tips) is de?nable in a layer of material 
deposited (such as by electroplating, CVD, or PVD) on the 
surface of a mold form. The resulting spring structures are 
thus comprised of an integral sheet, Which may comprise a 
single layer, or multiple coextensive layers, of resilient, 
conductive, and/or resistive material. The integrated sheet 
may be folded and contoured, and is preferably essentially 
free of any overlapping portion in the direction that the 
materials are deposited (typically from above the structure 
toWards a substrate), so it may be more readily formed by 
depositing a layer or layers of material in a single open mold, 
according to the process described above. Arelatively small 
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amount of overlap, particularly When the overlapping por 
tions are Well separated, may be achieved using some 
deposition methods, such as electroplating in conjunction 
With a “robber” to drive electrically charged material under 
an overhang. 

[0085] The open molding process according to the present 
invention may be adapted to form contoured beams for 
spring structures in a Wide variety of shapes and siZes. For 
the purpose of microelectronic spring contact structures, 
certain siZes and structural properties are preferred. A sec 
ond, suitable range of siZes and relative properties, outside 
of the preferred range, may be readily achieved on electronic 
substrates using an open molding process according to the 
invention, but is less useful for typical electronic connection 
applications. A table of preferred and outside ranges is 
provided beloW in Table 1. It should be understood that the 
ranges stated in Table 1 should be helpful for constructing 
suitable microelectronic spring structures according to the 
invention, but should not be construed as strictly limiting the 
invention. Microelectronic spring contact structures With 
one or more dimensions or properties outside of a stated 

range may be constructed, Without departing from the scope 
of the invention described herein. The symbols used in Table 
1 are as presented in FIGS. 2 and 3. 

TABLE 1 

Preferred 
Symbol Description Range Suitable Range 

L Beam length, integrated from 500*1000 pm 15*104 pm 
base to beam tip (20410 mils) (0.54100 mils) 

h Height of beam tip over 100*300 pm 10*7000 pm 

beam base (4?12 mils) (0.4i300 mils) 
t Beam thickness 10*30 pm 01500 pm 

(0.4*1.2 mils) (.04i20 mils) 
W Beam Width (at Widest point) 130*500 pm 5*2500 pm 

(5*20 mils) (0.2il00 mils) 
0t Tip angle, relative to a normal 20*70O 0*180O 

vector of a mating substrate 
[5 Base angle, relative to the 30*80O 0*90O 

mounting substrate surface 
k Spring rate (vertical) 30*250 mg/pm 5*600 mgpm 

(1*6 gmil) (0.1*15 g/mil) 
t/L Ratio of beam thickness to .02*.06 .01414 

length 
c/h Elastic de?ection ratio 0.4?1.0 0.05*2.0 
L/LP Ratio of beam length to 1*10 1*100 

beam span 

[0086] As previously described, the present invention pro 
vides for designing spring structures With speci?c proper 
ties, such as speci?c spring rates, by contouring the beam 
shape. FIGS. 6-10 shoW exemplary shapes for contoured 
beams according to the invention. An exemplary U-shaped 
beam is shoWn in FIG. 6. U-shaped beam 60 has a cross 
section 50B as shoWn in FIG. 5B. Similarly to the V-shaped 
cross-section shoWn in FIG. 5A, the U-shaped cross-section 
50B has a substantially higher area moment of inertia 
relative to a beam With a ?at rectangular cross-section 50C, 
shoWn in FIG. 5C. The U-shaped cross-section avoids the 
notch in the base of the V-shape, Which may cause unde 
sirable stress concentration. HoWever, the choice of a 
U-shaped cross-section relative to other sectional shapes 
depends mainly on considerations other than spring rate or 
other spring performance parameters. For example, manu 
facturability is an important consideration. Depending on 
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the preferred manufacturing method, a particular shape, such 
as the U-shape, may be less costly to manufacture than other 
shapes. 
[0087] FIGS. 7A and 8 shoW various ribbed beams. FIG. 
7A shoWs a contoured beam 64 having a rib 63 disposed 
above the surface of the beam. In beam 64, rib 63 runs the 
entire length of the beam and base 28. As shoWn in FIG. 7B, 
beam 64 is also preferably contoured lengthwise along a 
compound curve 34, as previously described. Rib 63 pref 
erably folloWs the contour of curve 34, although it may be 
tapered in the Z-direction to approach the upper surface of 
beam 64 at its tip. FIG. 8 shoWs a contoured beam 62 having 
a rib 63 disposed beneath the beam. Rib 63 is terminated at 
an edge of base 28. Ribbed beams may be someWhat more 
costly to fabricate than V-shaped or U-shaped beams, 
because of their more intricate shapes, but can provide 
certain advantages. One advantage is that ribs can be placed 
across the Width of a beam Wherever greater stiffness is 
desired. For example, as shoWn in FIG. 5D, ribs may be 
placed on the edges of a beam to stiffen the beam against 
torsion. This may be desirable Where a beam having an offset 
from a line betWeen its base and its tip, such as the C-shaped 
beam shoWn in FIGS. 13A and 13B, is desired. Offset beams 
are subject to torsion in portions of the beam, and properly 
placed ribs can stiffen the offset beam against torsion, Where 
desired. Another advantage is that a rib can be extended into 
the base of a microelectronic spring structure, as shoWn in 
FIGS. 7A and 7B. This prevents stress concentration and 
beam failure at the juncture 27 between base 28 and beam 
30, that can result from abrupt changes in cross-sectional 
shape along a beam. Ribs 63 according to the present 
invention are preferably comprised of a folded portion of the 
beam 30, as shoWn in each of the foregoing FIGS. 5D and 
7A-8. The folded portion is preferably con?gured so that no 
portion of the rib overlaps the beam, When vieWed from 
above the beam looking toWards the substrate. Non-over 
lapping, folded ribs may be formed by deposition of a layer 
of material over a molded form. Such ribs tend to have a 
holloW interior, as is evident in each of the foregoing FIGS. 
5D and 7A-8. A folded rib thus has the same thickness “t” 
as the beam 30, and forms an integral portion of the beam. 
The cross-section of ribs may be rectangular, triangular, 
cylindrical, or another shape, and may taper in Width or 
height along the length of the spring beam. 
[0088] Contouring according to the present invention can 
be used for a completely different purpose, apart from 
providing an increased area moment of inertia for stiffening 
the spring, as described above. A spring may also be 
lengthWise contoured to decrease its “footprint,” i.e., the 
amount of projected area the spring occupies on substrate 
23. FIG. 9A shoWs a corrugated spring structure 66 that is 
contoured to decrease its footprint. An exemplary shape of 
the corrugations is shoWn in edge vieW in FIG. 9B. It should 
be apparent that the corrugations, like ribs, are readily 
formed by depositing a layer of material over a molded 
form, according to the method disclosed above. It should be 
further apparent that the ratio of the length “L” of the beam 
30 to its projected length “LP” on substrate 23 is increased 
by the corrugations. For a cantilevered beam springs having 
the same ratio of thickness to length (i.e., “the same “t/L”), 
the elastic range is directly proportional to the spring length 
“L.” Accordingly, the corrugations provide a greater elastic 
range “c” and a higher elastic de?ection ratio (“c/h”) than an 
uncorrugated beam of equivalent projected length and Z-ex 
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tension, so long as the thickness of the spring is increased in 
proportion to the increase in spring length. 

[0089] A further advantage of a corrugated spring is that 
the bending moment experienced by the spring base for a 
given force applied at the spring tip is reduced proportion 
ally to the reduction of projected length “LP.” Reducing the 
bending moment at the base reduces the spring base area 
required to achieve adequate adhesion of the spring structure 
to the substrate. A reduced base area, in turn, further reduces 
the footprint of the spring structure. Additionally, corruga 
tions provide resiliency in the horiZontal plane, parallel to 
the substrate (i.e., in the “x-y plane”). That is, corrugated 
springs can be made more mechanically compliant in the x-y 
plane than straight and convex designs. This is advantageous 
Where the spring tip Will be ?xed in place (e.g., if the spring 
tip must be soldered doWn to the contact pad). The resiliency 
in the x-y plane compensates for thermal expansion differ 
entials, misalignment, vibration and other stresses betWeen 
connected components, thereby increasing the reliability of 
the connection. 

[0090] Different types of contours may be combined on a 
single spring. For example, a combination of contouring 
along a beam length and across its Width is described above. 
Similarly, a corrugated beam may be provided With other 
contoured features, such as the central rib 69 shoWn on the 
corrugated beam 68 in FIG. 10, provided to stiffen the spring 
structure. Alternatively, or in addition, a corrugated beam 
may be provided With a further lengthwise curvature, such 
as the compound curve 34 shoWn in FIGS. 1B and 7B. A 
corrugated beam may also be contoured across its Width, for 
example, to provide a V-shaped cross-section as shoWn in 
FIG. 5A, or a U-shaped cross-section as shoWn in FIG. 5B. 

[0091] As previously described, for many applications it is 
advantageous to taper the beam of a microelectronic spring 
structure across its Width, thereby creating a triangular shape 
in plan vieW. Triangular beam shapes are more structurally 
ef?cient, although less ef?cient in conducting electrical 
current, than untapered, rectangular beam shapes. Similar 
considerations apply to beams that are tapered in thickness, 
from a maximum thickness at the base of a spring beam to 
a minimum thickness at the beam tip. Tapering the thickness 
provides a proportionally much greater stiffening effect than 
tapering the Width, because the area moment of inertia “I” of 
a cantilevered beam section is proportional to the cube of the 
section thickness, but is only linearly related to the section 
Width. HoWever, on a lithographic type, it is more dif?cult 
to taper the beam thickness than it is to taper the beam Width. 
Typical lithographic processes for depositing beam material, 
such as electroplating and sputtering, tend to deposit mate 
rial in layers of essentially uniform thickness. In compari 
son, the Width of a lithographic structure is easily controlled 
using methods knoWn in the art, such as masking. 

[0092] The present invention provides beams of tapered 
thickness by providing a plurality of narroWly spaced ribs 
that taper from a relatively high pro?le at the base, to a 
relatively narroW pro?le at the tip of the beam. Such beams 
are of essentially of uniform thickness, and so can be formed 
by conventional techniques for material deposition, such as 
electroplating. Because of the large number of ribs, the beam 
performs like a beam With a tapered thickness. An exem 
plary spring structure With a plurality of closely spaced ribs 
is shoWn in FIGS. 11A-11C. Spring structure 75 is provided 
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With a plurality of ribs 63 extending into base 28, similarly 
to the spring structure shoWn in FIG. 7A. Extending the ribs 
into base 28 stilfens the structure 75 at juncture 27, but 
reduces adhesion of base 28 to substrate 23. In the altema 
tive, the ribs may be terminated at the juncture 27 betWeen 
the beam 30 and base 28, similar to the structure shoWn in 
FIG. 8. This con?guration maximiZes electrical contact With 
and adhesion to the substrate 23, but results in stress 
concentration betWeen beam 30 and base 28 at juncture 27. 
In the alternative, the ribs may be extended partially into the 
base, combining the bene?ts of both approaches. It is 
evident that such as structure may be formed on a litho 
graphic type by depositing a material in a contoured, open 
mold, as previously described. 

[0093] As shoWn in FIGS. 11B and 11C, ribs 63 provide 
an apparent beam thickness a equal to the height of the 
ribs. The apparent beam thickness “a” provides an effective 
thickness depending on the distance “I” betWeen each rib 
and the material thickness “t.” At a ?rst cross-section taken 
near base 28, shoWn in FIG. 11B, ribs 63 are relatively high, 
but not as closely spaced are near the tip 26. As exempli?ed 
by a second cross-section taken closer to the tip 26, shoWn 
in FIG. 11C, the ribs are more closely spaced as they 
converge near the tip. The material thickness “t” is essen 
tially uniform throughout the length of the beam. In alter 
native embodiments, the ribs do not converge. Instead, if the 
beam 30 is tapered, the number of ribs across the Width of 
the beam 30 decreases toWards the tip. 

[0094] Contouring may be additionally provided in the x-y 
plane, to create non-linear, beams that have a portion offset 
from a straight line betWeen the spring base and tip. Offset 
structures are useful for forming loW base moment, torsional 
beams. An exemplary non-linear offset spring structure for 
reducing the bending moment on the base is illustrated in 
FIGS. 12A and 12B. Beam 30 is split into tWo arms Which 
are routed back toWards and over the base 28. Tip 26 is 
preferably disposed over base 28 When vieWed in plan vieW 
as shoWn in FIG. 12B. To alloW for forming of the entire 
structure 22 in a deposition process over a sacri?cial mold, 
base 28 is optionally provided With a cut-out 67 to provide 
space for formation of tip 26. In the alternative, no cut-out 
67 is formed in base 28, and tip 26 is not disposed directly 
over the base 28, but instead is disposed closely over it. 

[0095] The split-arm, non-linear structure shoWn in FIGS. 
12A and 12B provides several advantages. The non-linear 
con?guration alloWs for positioning the tip 26 directly over 
base 28 (or nearly so) and thereby greatly reduces the 
bending moment imposed on base 28 by a vertical contact 
force on the tip 26. Because of the reduction or elimination 
of bending moment, the area of base 28 can be reduced in 
siZe Without fear of causing the spring structure to become 
unattached from substrate 23. Another advantage in that the 
effective length of the spring structure is increased for a 
given footprint, as previously described With respect to 
corrugated beam springs. Thus, elastic range “c” of the 
spring is increased compared to a shorter spring With the 
same footprint, provided the ratio t/L is the same. Addition 
ally, beam 30 may be designed for torsion in the transition 
area 71 Where the split arms meet the central beam at a right 
angle, providing further opportunities for ?ne-tuning the 
performance characteristics of the spring structure by build 
ing appropriate sectional properties in the transition area. As 
is evident from FIG. 12B, the entire spring structure may be 








